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What is a tree? The popular 
concept of a tree, which 
encompasses everything from 
tree- ferns and Joshua trees 
to coconut palms and oaks, 
confounds any simple botanical 
definition. Nevertheless, 
almost all ‘trees’ have one 
(rarely a few) above ground, 
perennial vegetative shoots, 
of a size requiring significant 
non- hydrostatic structural support. 
In a typical seed plant tree, this 
structural tissue is generally 
produced by an increase in 
girth — ‘secondary growth’ by 
radial cell division — after growth 
in length has ceased. The resulting 
structural tissue — the secondary 
xylem or wood — is composed 
mainly of cells that have their 
walls impregnated with the 
polymer lignin, which is made rigid 
by three-dimensional covalent 
bonds. Other kinds of trees have 
little or no secondary growth, or 
secondary growth of a different 
kind, and support is provided 
instead by increased mechanical 
provision (often by lignin) in the 
cell walls of individual cells.
How many species of trees are 
there? Difficulties of definition, 
especially distinguishing trees 
from shrubs, combined with the 
fact that many new species of tree 
are recognised every year, make 
this difficult to answer. Taking 
into account the total number of 
known species of gymnosperm 
trees (~900–1,000), an allowance 
for the number of tree-like 
monocotyledons and ferns (~4,000, 
including tree ferns, palms and 
other arborescent forms), and an 
estimate for ‘dicotyledons’ that 
includes many eudicots and most 
species at the magnoliid grade, the 
total comes to something around 
100,000 species of trees out of 
about 400,000 species of vascular 
plants. This systematic diversity is 
also reflected in very great diversity 
of growth forms, vegetative structure, reproductive biology and 
ecology.
Did trees evolve once or more 
than once in the evolution of 
land plants? Tree-like growth 
forms occur scattered in several 
major groups of land plants. 
It is clear, therefore, that the 
tree habit has arisen multiple 
times in plant evolution: within 
lycopods (Lepidodendron and 
its allies, all now extinct); within 
ferns (for example, Cyatheaceae, 
Dicksoniaceae); within sphenopsids 
(for example, Calamites, now 
extinct); once among the 
progymnosperm ancestors of 
seed plants; and probably once in 
seed plants themselves. Among 
monocotyledons, where the 
herbaceous habit is clearly the 
basic condition, tree-like forms 
have arisen independently several 
times (for example, Dragon trees 
and palms). Among flowering 
plants as a whole there are 
many examples of evolutionary 
transitions from arborescent to 
herbaceous forms and vice versa. 
Progymnosperm trees from the 
Late Devonian (~360 million years 
ago) have wood very similar to 
that of modern conifers, which 
was evidently produced by similar 
processes of secondary growth 
and cellular differentiation.
How long do trees live? Many 
of the age estimates that are 
commonly assigned to individual, 
often iconic, trees should be 
treated with caution because 
detailed studies of the age of living 
trees are rare. However, many 
species of trees have life spans in 
the range of one hundred to three 
hundred years. Individual bristle 
cone pines (Pinus longaeva) in 
the White Mountains of California 
have been reliably determined 
to be more than 4,700 years old, 
and there are reliable records of 
several species (especially conifers) 
attaining ages in excess of 2,000 
years. Vegetative reproduction 
may also ensure that particular 
genotypes of certain species are 
extremely long lived. A single 
clone of quaking aspen (Populus 
tremuloides) in the Wasatch 
Mountains of Utah is certainly 
very ancient. It covers 43 hectares 
and comprises 47,000 individual stems, but estimates of its age 
vary greatly. There is also evidence 
that some tree species can survive 
for very long periods (perhaps a 
century or two) as viable seeds in 
natural seed banks.
How tall do trees get and what 
limits their height? In broad terms, 
the highest trees are (and were) 
about 100 m from ground level to 
apex. A Coast Redwood (Sequoia 
sempervirens) has been measured 
at about 114 metres. Among 
angiosperms, living specimens 
of the swamp gums of Tasmania 
(Eucalyptus regnans) approach 
100 metres, while there are many 
species, particularly in tropical and 
temperate rainforests, that reach 
heights in the range 60–80 meters. 
The height of trees may be limited 
by several factors. The difficulty of 
moving water to the highest parts 
of a tree is perhaps especially 
significant. Water needs to move 
to the highest parts of the plant at 
a rate sufficient to replace that lost 
in transpiration and photosynthesis 
(approximately half a tonne of water 
for each kilogram of dry matter 
added). Because water moves up 
plants as a column under tension, 
the negative pressure generated 
by evaporative water loss from 
leaves is considerable. For water 
to move at the same speed up a 
tall tree as it would up a tree of half 
the height, the negative pressure 
at the top of the tree is twice as 
great. Very negative pressures in 
liquid water would be difficult to 
sustain without the anatomical 
characteristics of the conducting 
tissue in the xylem: for example, 
the rigidity of the walls resulting 
from the presence of lignin, so 
that they do not collapse when the 
contents are under tension, and the 
small size of the pores in the xylem 
walls that restricts the possibility 
of gas being pulled into the lumen 
from intercellular spaces. There 
may also be mechanical and other 
physiological constraints on tree 
height. The more resources diverted 
to mechanical support, or to 
maintenance respiration, the smaller 
the proportion of photosynthetic 
output that is available for growth 
and reproduction.
What use are trees? In both 
the developed and developing 
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and practical importance. From 
the earliest civilizations trees have 
been used for fuel, structural 
materials, food, and for the 
manufacture of a great variety of 
objects. They remain indispensable 
in the day- to-day livelihoods of 
poor people in many parts of the 
world. Trees are the major source 
of pulp for the manufacture of 
card and paper. They also provide 
important raw materials, such as 
rubber, oil and certain medicines. 
The fossil remains of ancient trees 
are one of the main constituents of 
coal. Forests are also increasingly 
understood to be important in the 
regulation of ecosystem services, 
for example as key regulators in 
the hydrologic cycle, and therefore 
of local or regional climate. 
Both above ground, and below 
ground, trees are also important 
in determining the structure and 
functioning of the ecological 
communities of which they are part.
Can trees be bred for traits that 
humans find useful? Breeding 
programmes have been, and 
continue to be, important for some 
commercially valuable tree species. 
The longer generation times 
for trees than for annual crops 
Figure 1. The massive legume tree Koom-
passia excelsa can reach heights of more 
than 85 metres in Bornean rainforest. In 
the past, this species has often been left 
by logging operations because the high 
silica content of the timber blunts chain-
saws. These forest giants are now being 
felled more actively as large timber trees 
become harder to find. (Danum Valley, 
Sabah; photograph by G. Reynolds.)mean that breeding programmes 
take longer. Directed genetic 
modification by transformation, 
rather than through exploiting 
natural or induced variation, can 
speed up early stages of the 
process. Selective breeding in 
trees has traditionally targeted 
improvement in traits, such as 
growth rate and habit, but it may 
now also be directed toward the 
molecular level. An example of 
such genetic manipulation is to 
produce trees with a modified (but 
still functional) lignin that is easier 
to extract from the cellulose used 
in paper-making. At the same 
time this decreases the output 
of toxic and environmentally 
damaging waste materials during 
the paper- making process. Such 
endeavours are being helped by 
the availability in 2006 of first full 
nucleotide sequence of a tree 
genome: for black cottonwood 
(Populus trichocarpa).
What are the main threats to 
the future of trees? The main 
threats to the future of tree species 
are the reduction in the extent 
of natural forest habitats and 
overexploitation, for example for 
fuel or timber (Figure 1), especially 
in high diversity tropical habitats. 
Thousands of tree species are 
of conservation concern at a 
global scale. The main driver of 
forest habitat loss is conversion 
to agriculture, including the 
creation of tree monocultures 
for intensive forestry or other 
purposes, as for example with 
oil palm and rubber plantations. 
In poor parts of the world, and 
often in dryland ecosystems, 
unsustainable exploitation for 
fuel is a major problem. For some 
commercially valuable trees, such 
as mahogany and dipterocarps, 
selective, and sometimes illegal, 
logging is a threat. Trade in some 
species is controlled under the 
Convention on International 
Trade in Endangered Species 
(CITES), and the sustainable use 
of forest resources is encouraged 
internationally through the Forest 
Stewardship Council Certification 
scheme. In some parts of the world 
trees are also negatively impacted 
by broader environmental changes 
such as pollution, the spread 
of invasive species (including pathogens), changes in hydrology 
or fire regime, and other factors. 
In the medium to long term, rapid 
climate change may also prove a 
very significant threat. Relatively 
long times from germination to 
reproduction, combined with 
fragmented landscapes that 
impede migration, may make it 
especially difficult for tree species 
to migrate and to adapt genetically.
How significant are trees in 
sequestering carbon dioxide? If 
there were an imaginary ecological 
steady state, with no change in the 
biomass of different communities 
as organisms die and are replaced, 
there would be a carbon-neutral 
biosphere: sequestration of carbon 
would be balanced by respiration 
and the leakage of soluble 
organic carbon into ground water. 
However, there is more carbon 
sequestered in forests, for example 
as dead heartwood, in a given 
area of habitat than in other plant 
communities. Therefore, changes 
in the rate, extent and qualitative 
characteristics of deforestation or 
reforestation can significantly affect 
potential carbon sequestration. 
Some estimates suggest that 
reducing the rate of clear cutting 
of tropical forests to zero, and 
reforesting/afforesting 250 million 
hectares in the tropics (or 400 
million hectares in the temperate 
regions), could together sequester 
as much as 25 billion tons of carbon 
over the next 50 years: about one 
seventh of the total required to 
stabilize levels of atmospheric 
carbon dioxide at about 500 parts 
per million (current level ~375 parts 
per million). There is evidence that 
some trees accumulate carbon at 
an increased rate under increased 
atmospheric carbon dioxide (even 
when nitrogen, water or other 
resources restrict plant growth), but 
there seems to be no evidence that 
the steady-state biomass in forests 
is greater at the levels of increased 
carbon dioxide concentrations that 
are likely to be experienced this 
century.
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